Synchrotron and neutron diffraction: Synchrotron powder diffraction patterns (S) were measured at room temperature at the Swiss Norwegian Beam Line BM1B of the ESRF (Grenoble) using the Debye-Scherrer geometry and a 6-crystal (Si 111) analyser detector. A pattern used for indexing was measured on the hydride sample at a wavelength of 0.699470(1) Ǻ. The pattern used for the structure solution and refinement was measured on the deuteride sample at a wavelength of 0.400080(1) Ǻ during 24 hours to accumulate statistically important data even for very weak intensities. 0.5 mm glass capillaries were filled with samples in an argon glove-box and sealed with vacuum grease. The neutron powder diffraction pattern (N) was measured at -100°C on the HRPT powder diffractometer at the Swiss Spallation Source SINQ (PSI Villigen) at a wavelength of 1.8857 Ǻ on the same deuteride sample as used for synchrotron diffraction. To reduce the absorption by the natural boron isotopes mixture the sample was placed into a double-walled vanadium container.
do not exceed 40 Ǻ, in an orthorhombic cell with a = 37.10426, b = 8.96107 and c = 5.17407 Ǻ. Checkcell/Truecell/Celref utilities were used to find a higher metric symmetry (hexagonal). A le Bail fit and the refined zero shift of -0.0123(1)° were highly satisfactory. Refined cell parameters for the deuteride at 20°C are: a = 10.3182(1), c = 36.9983(5) Å, V=3411.3(1) Å 3 ;
for the deuteride at -100°C: a = 10.313(1), c = 36.921(9) Å, V=3400(1) Å 3 . The structure was solved jointly from synchrotron and neutron data by direct space methods (program FOX [23] ). Although observed systematic absences suggested a 6 1 screw axis in the primitive hexagonal cell, the structure solution has been attempted in all possible space groups, namely P6/mmm, P6 1 22, P-62m, P-6m2, P6 3 /m, P6 2 22, P6 1 , P6 2 , P6 3 . 5-6 independent Mg atoms and 10-12 independent ideally tetrahedral BD 4 groups (B-D distance fixed to 1.15 Ǻ) were optimized with respect to their position and orientation. The tasks were distributed over five personal computers, thus enabling to finish all calculation in one week. A reasonable model was obtained only in the polar and chiral space group P6 1 using 5 Mg atoms and 10 BD 4 groups. This solution was refined jointly on synchrotron and neutron data by using the TOPAS-Academic [24] keeping the BD 4 tetrahedra as a semi-rigid bodies with ideal tetrahedral bond angles and a common, refined B-D distance. Apart from the Mg(BD 4 ) 2 phase (~50 wt %) three impurities phases were identified in the samples: cubic LiCl (a=5.14405 Å at 20°C), cubic Li 2 MgCl 4 (a=10.4153 Å at 20°C) and orthorhombic LiBD 4 (a=7.1033, b=4.3834, c=6.777 Å at 20°C) with relative weight fractions of 5, 35 and 10%, respectively. The weight fraction found from refinements on the synchrotron and neutron data alone were highly consistent.
In the final refinement cycle 186 free parameters were refined: 14(N) and 12(S) background parameters, 2 zero shits (N+S), 1 receiving slit length (S), 1 air scattering parameter (S), 8 scale factors, 6 PV profile parameters for each phase and each data set (48 in total), 2 lattice parameters for the main phase for each data set (4 in total), 5 lattice parameters for the impurities in each data set (10 in total), 3 isotropic displacement parameters for the main phase in each data set (6 in total), 3 isotropic displacement parameters for the impurities for each data set (6 in total), 14 atomic coordinates, 60 position and rotation (Euler angles) parameters and 1 B-D distance for the BD 4 tetrahedra in the main phase. An anti-bump restraint of 1.8 Å was used for the nearest Mg-D distances. The final agreements factors are R wp = 0.048, R Bragg, main phase = 0.034, χ 2 = 16 for the synchrotron data, and R wp = 0.018, R Bragg, main phase = 0.008, χ 2 = 7.45 for the neutron data.
The refined atomic parameters for the Mg(BD 4 ) 2 are given in Table S2 , and selected interatomic distances in Table S3 .
Rietveld plots of synchrotron and neutron powder diffraction patterns are given in Figures S1 and S2, respectively. The uncertainties of the atomic coordinates for the boron atoms are equal to the uncertainties of the respective BD 4 tetrahedron positional parameters. The uncertainties of the atomic coordinates for the deuterium atoms are not reported here, because they were not freely refined. Instead we report the uncertainties of the rotation parameters (Euler angles) of the BD 4 tetrahedrathey vary between 1.3 and 17.2° (highest value for B5 atom).
Crystal structure: The hydrogen surroundings of magnesium need special attention. Due to the complexity of the structure (55 symmetry independent atoms) and the methodology used (powder diffraction) the standard uncertainties (e.s.ds) of some structural parameters are relatively high, and require more work, preferably on single crystals. The e.s.ds of the rotation parameters for the BH 4 tetrahedra, for example, reach 17.2°, leading to e.s.ds for the Mg-D distances of up to 0.2 Å (see deposited material). Thus, from the powder diffraction data alone we cannot completely rule out some corner (μ 1 ) and/or face (μ 3 ) Mg-BH 4 bonding, in addition to the edge (μ 2 ) bonding, at least at the temperatures of our structure determination (-100°C and 20°C). However, there are various reasons that make such a situation unlikely. One is related to the small spread of observed metal-boron distances. As suggested before [S1] these distances are relatively sensitive to the type of hydrogen bridge.
In the two polymers of U(BH 4 ) 4 , for example, the U-B distances for μ 2 and μ 3 bridging differ by about 0.32 to 0.34 Å. [S1,S2] Given that in Mg(BH 4 ) 2 the spread between the 20 independent (and more accurate) Mg-B distances is relatively small (2.31 (3) -2.53(2) Å), a possible μ 3 and/or μ 1 hydrogen bridging is unlikely. Secondly, the Mg(μ 2 -H 2 BH 2 -μ 2 )Mg units in the 3dimensional framework of Mg(BH 4 ) 2 are not far from linear. Thus, a simultaneous μ 2 and μ 3 bridging of the borohydride anion such as that observed in the LT phase of LiBH 4 [11] is geometrically hard to achieve. Finally, μ 2 bonding is the only one observed in solvates of Mg(BH 4 ) 2 [4] and also in its alkaline earth analogues M(BH 4 ) 2 (M = Be, Ca). 
